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ABSTRACT. The wolf spider, Schizocosa avida (Walckenaer 1838) can utilize leg autotomy to suc-

cessfully avoid capture by the scorpion, Centruroides vittatus (Say 1821). Leg autotomy was used suc-

cessfully in 7 out of 43 encounters with a scorpion (16%). Spiders were captured and eaten by scorpions

in 79% of the encounters. Two spiders (5%) escaped capture by means other than leg autotomy. Scorpions

most often grasped spiders at their abdomen (49%), followed by the cephalothorax (35%) and leg (16%).

Naive spiders (no previous experience with a scorpion), with intact legs or an autotomized leg, spent

significantly more time (26-32 min out of a 60-min trial) on a filter paper disc that had come into previous

contact with a scorpion as compared to spiders that had lost a leg in a successful escape from an encounter

with the predator (10 min). This is an example of associative avoidance learning and is the first demon-

stration of this type of learning in response to previous experience with a predator in spiders.

The autotomy of various bodily structures

in response to attack by predators has been

reported for many species (Robinson et al.

1970; Edmunds 1974). Tail autotomy has been

shown to enhance survival in salamanders

(Brodie 1983) and lizards (Punzo 1982; Ar-

nold 1988). Decapod crustaceans (Spiviak &
Politis 1989) and spiders (Foelix 1982; For-

manowicz 1990) frequently autotomize their

legs when grasped by predators.

In the present study, I analyzed the effec-

tiveness of leg autotomy as an antipredator

strategy in the wolf spider, Schizocosa avida

(Walckenaer 1838), against a naturally occur-

ring scorpion predator, Centruroides vittatus

(family Buthidae). I also investigated the ef-

fects of previous encounters with the predator

on the avoidance behavior of S. avida.

METHODS
I collected adult females of S. avida in

Brewster County, Texas, during May-July
1994. Spiders carrying egg sacs were located

at night using a headlamp. Scorpions (C. vit-

tatus) from the same ai'ea were located using

a portable UV light (BioQuip Model 2813C,

Gardena, California). Animals were placed in-

dividually in plastic holding containers and

transported to the laboratory for subsequent

studies. Voucher specimens of S. avida and C
vittatus have been deposited in the University

of Tampa Invertebrate Collection.

All experiments were conducted on adult

female spiders (body length: 11-14 mm)
reared from egg cases collected in the field.

Spiderlings emerging from egg cases were

reared in an environmental chamber (Percival

Model 1-37, Boone, Iowa) maintained at 20

°C, 68-72% relative humidity (RH), and a

12L:12D photoperiod regime. Spiderlings

were housed individually in plastic containers

and fed on a mixed diet of flies {Drosophila

melanogaster and D. virilis) and cockroach

{Periplaneta americana) nymphs. Water was

provided ad libitum. As the spiders grew in

size, larger prey were used (adult crickets,

cocki*oaches and beetles). As a result of these

rearing procedures, all spiders were naive in

the sense that they had no prior experience

with the scorpion, Centruroides vittatus,

which is sympatric with Schizocosa avida in

Brewster County, Texas. Adult female scor-

pions (0.419 g ±0.21) were maintained under

the same conditions and fed on a diet of crick-

ets, grasshoppers and a variety of spiders col-

lected locally in Hillsborough County, Flori-

da. Scorpions were deprived of food for 72 h

prior to any encounter with a spider.

Encounter experiments. —Each encounter

between a scorpion and a spider was con-

ducted in a clear acrylic plastic (Plexiglass®)

chamber (15 X 10 X 10 cm) at room temper-

ature. The chamber was situated on a wooden
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table behind a one-way mirror to minimize

disturbance to the animals during encounter

sequences. The floor of the chamber contained

3 cm of sand as a substrate. All spiders used

in these experiments were fed 24 h prior to an

encounter with a predator, and possessed all

of their legs. A scorpion was placed in the

chamber for 24 h prior to an encounter with

a spider. I staged a total of 50 encounters (tri-

als) between different spiders and scorpions.

Each spider and scorpion was tested only

once. At the start of each trial, a spider was

placed at the center of the encounter chamber

which contained one randomly chosen scor-

pion. I carefully observed both animals and

verbally recorded their activities using a Sony

HP- 110 tape recorder. In seven of the trials,

the scorpions made no attempt to capture the

spider. Only those data obtained from trials in

which a scorpion attempted to capture a spider

{n = 43) were used for statistical analysis. A
trial ended when the spider was either suc-

cessfully captured and ingested by a scorpion,

escaped an initial strike without utilizing leg

autotomy, or escaped via leg autotomy. Data

were analyzed using the G-test of indepen-

dence as described by Sokal & Rohlf (1981).

All encounters were recorded on a Panasonic

L3 video recorder for subsequent study as pre-

viously described by Punzo (1995).

Effect of previous encounter. —In a sec-

ond set of experiments using different spiders

and scorpions, I tested the effects of a previ-

ous encounter with C. vittatus on the subse-

quent behavior of three groups of S. avida.

One group of spiders (Gl, n = 15) consisted

of individuals who had all of their legs intact

and had never encounterd a scorpion through-

out their lives. Another group (G2) consisted

of 15 different spiders who had also never en-

countered a scorpion; in this group, however,

one of their legs (chosen at random) was au-

totomized after being grasped by a pair of for-

ceps. The third group (G3) consisted of 15

spiders who had one previous experience with

a scorpion and had used leg autotomy to suc-

cessfully escape capture by the predator. In

these experiments, a spider was placed ran-

domly into either end of a glass chamber (15

X 15 X 8 cm) containing two, square-shaped

pieces of filter paper (Whatman No. 1) situ-

ated side-by-side and covering the entire floor

of the chamber. One of the pieces of filter pa-

per was taken from the floor of a plastic con-

tainer housing a scorpion (treated), allowing

C vittatus to come into contact repeatedly

with the filter paper during the course of its

normal activities (for a period of two days).

The other fresh piece of filter paper (untreat-

ed) had not been in contact with a scorpion.

For each trial, the positions of the two pieces

of filter paper (to the right or left) on the floor

of the chamber was determined using a table

of random numbers. The length of each trial

was 60 min, and the amount of time (in min)

spent by each spider on both pieces of filter

paper was recorded with a stopwatch. A Dun-
can multiple range test (Sokal & Rohlf 1981)

was used to analyze the data.

RESULTS

In encounters with scorpions, S. avida fe-

males were successfully captured and eaten in

79% of the trials (34 out of 43 trials). Nine

spiders escaped capture; seven of these (78%)
utilized leg autotomy. During prey capture,

scorpions grasped the spider using one of their

pedipalps. Spiders were either grasped by

their abdomen (49%), cephalothorax (35%) or

leg (16%). Only two of the nine spiders (22%)
escaped capture without utilizing leg autoto-

my. These two spiders were grasped at the

distal end of the abdomen and lateral region

of the cephalothorax and escaped by pulling

free from the pedipalps. Sixteen percent of the

spiders were grasped by a leg and escaped af-

ter autotomizing the limb. Significantly more
spiders escaped capture by utilizing leg autot-

omy than those who escaped by struggling

free (G = 34.9, df = I, P < 0.001). Scorpions

were observed feeding on the autotomized leg

while the spider ran to the other end of the

chamber.

The effects of previous encounters with a

predator on the subsequent behavior of S. av-

ida are shown in Figure 1. There was no sig-

nificant difference in the mean amount of time

spent on a treated (contact with scorpion) ver-

sus untreated (no contact with scorpion) piec-

es of filter paper between G1 (legs intact, no

previous encounter with predator) and G2 (leg

autotomized, no previous experience) spiders

(P > 0.50). However, spiders that had previ-

ously escaped by autotomizing a leg (G3)

spent significantly less time on treated filter

paper (10 min out of a 60 min trial) as com-
pared to untreated filter paper (50 min) (P <
0.001).
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Figure 1 . —The effects of previous encounter experience with the scorpion Centruroides vittatus on the

behavior of three groups (Gl, G2, G3) of Schizocosa avida. Values represent the mean amount of time

(in minutes) that Schizocosa avida females remained on square pieces of filter paper that had been exposed

to the presence of Centruroides vittatus (treated) as compared to discs that had not been contacted by the

scorpion (untreated). Gl = spiders with legs intact, no previous experience with a scorpion; G2 = leg

autotomized, no previous experience with a scorpion; G3 = leg autotomized in an encounter with a

scorpion. Vertical lines represent SD. See text for details.

DISCUSSION

This study demonstrates that S. avida can

utilize leg autotomy to escape capture by a

natural predator if grasped by the leg. A pre-

vious study by Formanowicz (1990) showed
that a filistatid spider, Kukulcania hibernalis

(Chamberlin 1926) from Wise County, Texas,

was also able to utilize leg autotomy to escape

predation by C.entruroides vittatus. However,

this strategy was not an effective defense

against a centipede predator (Scolopendra

polymorpha). In the present study, leg autot-

omy resulted in a successful escape in 16% of

the encounters for the wolf spider S. avida,

whereas K. hibernalis successfully utilized

this strategy in 36% of its encounters with a

scorpion.

The site of autotomy was always at the

junction (intersegmental membrane) between

the coxa and trochanter of the leg grasped by

the scorpion. This is in agreement with the

previous literature on leg autotomy in spiders

(Robinson et al. 1970; Foelix 1982) and some
insects (Pearson 1985). In all cases, once the

spider was grasped by a scorpion, it exhibited

a rapid upward movement of the coxa. The

rest of the distal portion of the leg remained

in a relatively fixed in position.

This study also shows that once S. avida

has had an encounter experience with C. vit-

tatus and is successful in escaping capture, it

will avoid a substrate that has been previously

occupied by this scorpion. This suggests that

the spider can remember some cue (probabaly

olfactory in nature) associated with the scor-

pion and use that information to avoid the

predator at a later time. This is an example of

rapid associative avoidance learning (Punzo

1985, 1996) and represents the first demon-
stration that a spider can utilize this type of

behavioral plasticity to avoid predators. Al-

though this spider and scorpion have presum-

ably coexisted sympatrically for a long period

of time, there is no indication that S. avida

possesses an innate capacity to recognize the

presence of this predator. Spiders that had no

previous encounter experience with the scor-

pion did not demonstrate avoidance of a sub-

strate previously occupied by C vittatus.
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